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(57) ABSTRACT 

The is directed to extending wavelength routing on a metro 
network subtended off an optical agile network. Flexibility 
on the subtended rnetro network is obtained by either tuning 
the head-end transrnitter on a metro wavelength that is the 
operating wavelength of the route to a speci?ed tail-end 
node (tunable source, ?xed wavelength-route dependency) 

(21) Appl, No,: 10/195,247 or/and tuning a speci?ed route to the metro wavelength 
(?xed source, tunable wavelength-route dependency). The 

(22) Filed: Jul. 15, 2002 routes may be tuned at one or both ends. 
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FIGURE 1 (Prior Art) 
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WAVELENGTH ROUTING ON AN OPTICAL 
METRO NETWORK SUBTENDED OFF AN AGILE 

CORE OPTICAL NETWORK 

RELATED PATENT APPLICATIONS 

[0001] US. patent application Ser. No. 09/876,391, 
“Architecture For A Photonic Transport Network”, (Roorda 
et al.), ?led Jun. 7, 2001, docket #1001 US. 

[0002] US. patent application Ser. No. 09/946,576 
“Recon?gurable access to a WDM network” (Pham et al), 
?led Sep. 5, 2001, docket 1005US. 

[0003] US. patent application Ser. No. 10/002,773, 
“Architecture For An OADM Node Of A WDM Optical 
Networ ” (Roorda et al.), ?led Nov. 2, 2002, docket 
#1006US. 

FIELD OF THE INVENTION 

[0004] The invention resides in the ?eld of optical tele 
communications networks, and is directed in particular to 
extending wavelength routing on a metro network subtended 
off an agile core optical network. 

BACKGROUND OF THE INVENTION 

[0005] The current networks are based on a point-to-point 
architecture, where all channels are converted to an electri 
cal format (optical-to-electrical-to-optical or OEO) for traf 
?c switching, aggregation and regeneration. 

[0006] With the evolution of the optical devices, it is now 
possible to extend the optical reach and to provide the 
network nodes with optical passthrough. For example, US. 
Pat. No. 5,751,454 (MacDonald et al.) discloses OADM 
(optical add/drop multiplexer) node con?gurations with 
wavelength bypass in optical format. Such a node is 
equipped with an optical demultiplexer that separates the 
WDM signal (multi-channel signal) on the input line into 
drop channels and passthrough channels; the drop channels 
are routed to a respective local user, and the passthrough 
channels are routed to the output of the node. At the output 
side of a node, an optical multiplexer combines the 
passthrough channels with the locally generated channels 
(add channels) into the output line. 

[0007] Also, tunable optical devices are now coming onto 
the market. Thus, for example Nortel Networks announced 
general availability for a widely tunable laser ML-20 for use 
in optical transmitters Tunable ?lters that select a 
certain wavelength can be used at the receiving side, so that 
a broadband receiver (Rx) using such ?lters may detect any 
channel. J DS Uniphase Corporation manufactures a blocker, 
which can block a set of channels (one or more channels that 
need not be consecutive) than can be dynamically recon?g 
ured. 

[0008] A new generation of all optical networks is emerg 
ing, driven by customer demand for individualiZed classes 
of service, with the corresponding revenue differentiation. 
This new generation of networks will enable the customers 
with the ability to automatically establish end-to-end con 
nections at a push of a button. This means that the nodes of 
the network need to be able to switch the traffic in optical 
domain, while automatically regenerating the signal only 
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when necessary. This approach dramatically reduces the 
node complexity, and consequently the network cost. 

[0009] Optical networks may be classi?ed according to the 
area they serve; relevant to this invention are the metro 
networks and long-haul (or core, or transport) networks. 
US. Pat. No. 6,084,694 (Milton et al.) illustrates examples 
of metro rings with optical passthrough, where any two 
nodes around the ring may be connected using pre-selected 
bands of wavelengths. Nonetheless, the wavelength alloca 
tion to each connection is ?xed for an entire band of 
channels, which reduces the ?exibility of operation. 

[0010] US patent application identi?ed above as Docket 
1001 describes an agile core (transport, long-haul) optical 
network that uses optical switching and a scalable and 
?exible architecture for end-to-end (rather than point-to 
point) routing/switching of channels. This patent application 
is incorporated herein by reference. 

[0011] Typically, metro network aggregate capacities are 
lower than those in long haul networks. Also, connection 
capacities are lower; metro optical networks operate at 2.5 
Gb/s rates or lower, while long-haul networks use 10 Gb/s 
per wavelength. Thus, to interconnect traf?c from metro into 
long-haul networks, a multiplexing or aggregation function 
must be ful?lled to map ?ner granularity metro connections 
into higher rate long-haul connections. The aggregation may 
be circuit-based TDM (time division multiplexing) or 
packet-based aggregation. Ideally, the interconnection must 
enable also switching of the metro channels into the correct 
higher rate long-haul channel. These aggregation and 
switching functions are typically achieved with an electrical 
switch fabric that interconnects long-haul and metro tran 
sponders 
[0012] There is an opportunity to extend the agility of a 
agile core network into a metro network, to provide wave 
length routing capability right out to the customer premise. 
This could be achieved by enabling the nodes (edges) of the 
metro network with full tunability. However, this solution 
may be currently cost prohibitive. 

SUMMARY OF THE INVENTION 

[0013] This invention addresses this hub site aggregation 
and switching functions by using metro network wavelength 
tunability to ?exibly connect metro connections to the 
electrical traffic aggregation devices, thereby eliminating 
expensive electrical switches. 

[0014] It is an object of the invention to provide wave 
length routing in a metro network subtended off a wave 
length switched (agile) core network. 

[0015] According to one aspect of the invention, a ?exible 
metro connection extends a ?exible core connection over a 

metro network subtended off an agile core network. The 
metro connection comprises an optical source terminal oper 
ating at a source wavelength for transmitting a user signal 
over a metro channel; a plurality of wavelength-dependent 
routes operating at a path wavelength, a route for directing 
the metro channel between an input port connected to the 
optical source and an output port connected to an associated 
optical destination terminal; and means for assigning a 
metro wavelength to the metro channel and routing the 
metro channel to a speci?ed destination terminal based on 
the metro wavelength. 
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[0016] The invention is also directed to a method for 
extending an agile connection into a metro network sub 
tended off a core network, comprising: generating, at a 
head-end transmitter, a metro channel carrying a user signal; 
connecting the head-end transmitter with a plurality of 
tail-end receivers along a respective plurality of wavelength 
dependent routes provided over the metro network; and 
selecting a route between the head-end transmitter and a 
speci?ed tail-end receiver and tuning the head-end trans 
mitter to a metro wavelength corresponding to the wave 
length of the route. 

[0017] According to another aspect, the invention pro 
vides a method for extending an agile connection over a 
metro network subtended off an agile core network, com 
prising: generating, at a head-end transmitter operating at a 
source wavelength, a metro channel for carrying a user 
signal; providing a plurality of wavelength dependent routes 
over the metro network, a route for directing the metro 
channel between an input port connected to the head-end 
transmitter and an output port connected to an associated 
tail-end receiver over a path wavelength; and assigning a 
metro wavelength to the metro channel and routing the 
metro channel to a speci?ed tail-end receiver based on the 
wavelength. 

[0018] Still further, the invention provides a ?exible metro 
connection for routing a user signal on a metro network 
between a hub node connecting the metro network to an 
agile core network and an edge node, comprising: a hub 
node for transferring the user signal between a metro chan 
nel of a ?rst wavelength and a core channel of a second 
wavelength; an edge node for inserting/extracting the user 
signal into/from the metro channel; and a controller for 
tuning one of the hub node, edge node, and both the hub 
node and edge node to operate at the ?rst wavelength. 

[0019] One of the most important advantages of the inven 
tion is that it inherently provides aggregation and switching 
between metro and long-haul network traf?c and eliminates 
the switch at the hub site. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The foregoing and other objects, features and 
advantages of the invention will be apparent from the 
following more particular description of the preferred 
embodiments, as illustrated in the appended drawings, 
where: 

[0021] FIG. 1 shows schematically how a metro ring 
network is connected conventionally to a core network; 

[0022] FIGS. 2A to 2C show aggregating an agile optical 
core network with various metro network con?gurations. 
The metro network is a ring network in FIG. 2A, a linear 
network in FIG. 2B and a point-to-point network in FIG. 
2C. 

[0023] FIGS. 3A-3C illustrate a downstream path from 
the agile core network to the metro network, where the 
?exibility of wavelength assignment is obtained at the edge 
node in FIG. 3A, at the hub node in FIG. 3B and at both hub 
node and edge node in FIG. 3C; 

[0024] FIGS. 4A-4C illustrate an upstream path (from the 
metro network to the agile network) where the ?exibility of 
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wavelength assignment is obtained at the hub node in FIG. 
4A, at the edge node in FIG. 4B and at both hub and edge 
node in FIG. 4C; 

[0025] FIGS. 5A-5C show examples of port-wavelength 
tunability at the hub node; and 

[0026] FIGS. 6A to 6D show various examples of port 
wavelength tunability at the edge node. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] FIG. 1 shows the conventional con?guration of a 
metro ring network 10 subtended off a dense WDM 
(DWDM) core network 1. FIG. 1 shows core transponders 
2 that perform O/E (optical-to-electrical) or E/O conversion 
of the core (high-speed) channels carrying traf?c on network 
1. Transponders 2 could be for example 10 Gb/s transpon 
ders; they are also called long reach (LR) transponders. 
Metro transponders 4 terminate the metro (lower speed) 
channels carrying traf?c on the metro network 10. Tran 
sponders 4 could be for example 2.5 Gb/s transponders; they 
are also called short reach (SR) transponders. In the general 
case transponders 2 operate at rate R1 and transponders 4 
operate at rate R2. For example, in typical networks 
deployed today, the ratio between the core and metro rates 
is R1/R2=4. 

[0028] Metro network 10 includes nodes A to E in this 
example, where node A, which connects metro network 10 
with core network 1 is called a hub node and nodes B to E 
are edge nodes. The edge nodes are also provided with 
transponders 6 shown for node C, operating at rate R2 for 
E/O and O/E converting the metro channels. 

[0029] A cross-connect EXC 3 switches and grooms the 
core traffic into metro traf?c. 

[0030] At node A, the channels received from all trans 
mitters of terminals 4 are multiplexed into a metro WDM 
signal, as shown by multiplexer 8. The term downstream is 
used in this speci?cation for the direction of traf?c from the 
core network 1 to the metro network 10. The metro WDM 
signal is transmitted on network 10, and each edge node 
extracts the channels that are addressed to it. In the upstream 
direction, namely from the metro network 10 to core net 
work 1, the WDM signal received at node Ais demultiplexed 
as shown by demultiplexer 7, and detected by a respective 
receiver of transponder 4. As also shown in FIG. 1, the 
multiplexer 8 and demultiplexer 7 are generally provided 
with a preampli?er 13 and postampli?er 14, respectively. 

[0031] FIG. 1 shows two variants a) and b) of an edge 
node for node C. The edge nodes are typically provided with 
a respective demultiplexer 7 for separating the drop channels 
from the metro WDM signal and routing each drop channel 
to a respective receiver of a transponder 6. A node multi 
plexer 8 combines the add channels received from a respec 
tive transmitter into the metro WDM signal. Splitters 9, 
combiners 10, splitters/combiners 11 and optical ampli?ers 
12, 13, 14 may be connected in the path of the WDM signal 
as shown. Other edge nodes architectures are also possible. 
Con?gurations a) and b), and other such known multiplexer/ 
demultiplexer con?guration are generally denoted with 
numeral 16. Note that for very short distances and/or where 
high power lasers and/or high sensitivity receivers are used, 
ampli?ers may not be required. 
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[0032] FIG. 2A shows a ring metro 100 subtended by an 
agile photonic network 150. The agile network is not shown, 
only the core transponders at the hub node A are shown at 
19. The metro network 100 is a ring, which connects the hub 
node A with edge nodes B-F over ?ber 110. 

[0033] The term “?exible” or “agile” is used in this 
speci?cation in conjunction to a network, a connection over 
an agile network or a network device. It refers to the ability 
of a network to allocate to a certain connection any wave 

length that is available in the respective network, and that is 
unused by other connections. It also refers to the ability of 
a network device, such as an OADM (optical add/drop 
multiplexer) or a mux/demux (multiplexer/demultiplexer) to 
route a connection from an input port to an output port 
according to the wavelength of the optical channel assigned 
to the respective connection. In this way, the port-wave 
length allocation in a ?exible OADM or a ?exible mux/ 
demux can be changed, or “tuned”. 

[0034] The term “?exible metro connection” refers here to 
the metro section of an inter-network connection, as shown 
at 40 and 45 in FIG. 2A. Such a connection is established 
between a metro optical terminal (transponder) at an edge 
node, such as transponder 15D at node D on metro network 
100 and a core optical terminal, such as transponders 20-1 
and 20-6 at the hub node A. The reminder of the inter 
network connection, ie the section along the agile core 
network 150 between the hub node A and a core network 
node is not illustrated. It is to be noted that the above 
identi?ed patent application Docket 1001 describes how 
connections can be established between any node of agile 
core network 150, under control of an intelligent network 
operating system and a smart line system. The routing and 
switching functionality of these entities are illustrated on 
FIG. 2A by the routing and switching control unit 200. 
Controller 200 is responsible for selecting a core wavelength 
for the core section of the connection, selection a metro 
wavelength for the metro section of the connection and 
mapping the core wavelength to the metro wavelength. As 
discussed in connection with FIG. 1, traffic exchange 
between the core and metro networks requires switching, so 
that ends of the metro connection route the user signal at a 
certain core transponder correctly to/from the correct desti 
nation/source edge node. Unit 200 is also responsible with 
tuning one or both ends of the metro connection to that 
metro wavelength. 

[0035] The term “?xed” is used for devices that operate on 
a predetermined, unchangeable wavelength. For example, a 
?xed transmitter is able to generate a carrier wavelength 
only. A mux/demux or OADM with a ?xed port allocation 
must always be connected so as to receive the same wave 
length on a certain port. 

[0036] The term “colorless” refers to a port/device that is 
wavelength independent. For example, the ports of an opti 
cal combiner are colorless, in that the port/channel allocation 
is irrelevant. 

[0037] The term “optical source” is used for the electrical 
to-optical converters that are used to transmit a user signal 
over an optical channel. In general, the optical sources use 
lasers, but other devices that provide a similar functionality 
are encompasses by this term. The term “optical detector” is 
used for the optical-to-electrical converters used to extract 
the user signal carried by the optical channel. It can be any 
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type of solid state photodetector such as a photodiode, PIN 
photodiode, avalanche photodiode (APD), or phototransis 
tor. An APD or a phototransistor is preferred in some 
applications, as they provide gain (gain is bene?cial because 
it increases the detector sensitivity). The optical detectors 
can detect generally on a broad band of channels. 

[0038] As discussed in connection with FIG. 1, traf?c 
exchange between the core and metro networks generally 
requires switching and it may also require rate conversion. 

[0039] The design of the edge and hub nodes, together 
with wavelength tuning for destination assignment capabili 
ties, result in elimination of the switch 3 shown in FIG. 1. 
It is to be noted that conferring ?exibility to a connection can 
also be seen as providing a plurality of physical routes 
between a certain transmitter and a plurality of receivers. 
The routes are wavelength-dependent; if each route can be 
tuned to a allow a certain wavelength to pass, while blocking 
all other wavelengths, the metro channel generated by the 
transmitter can be routed to any receiver of interest, by 
tuning the transmitter to the wavelength of a route, or by 
tuning the route to a certain wavelength. The route tunability 
can be provided at one or both ends. 

[0040] Nonetheless, rate adaptation may still be necessary 
if networks 150 and 100 operate at a different rate. FIG. 2A 
shows a connection 40 between terminal 20-1 on agile 
transport network 150 and edge node 35 on metro network 
100, which implies rate conversion, and another connection 
between terminal 20-6 and edge node F, which does not 
require rate conversion. Rate conversion is performed in 
electrical format, as shown for terminals 20-1 to 20-4. 

[0041] Terminals 20-1 to 20-4 are provided with core 
transponders 16, each comprising a core transmitter 21 and 
a core receiver 22, and with metro transponders 19, each 
comprising a metro transmitter 24 and a metro receiver 23. 
In the example of FIG. 2A, a multiplexer/demultiplexer 
device 30 comprises a 4:1 multiplexer 30‘ and a 1x4 demul 
tiplexer 30“ to accommodate for a 4:1 ratio between core 
network 150 and metro network 100. Thus, in the case that 
metro network carries OC-48 channels and network 150 
carries OC-192 channels, the multiplexer 30‘ is connected 
between four metro receivers 23 (of the respective four 
metro transponders 19) and a core transmitter 21 (of core 
transponder 18). The multiplexer 30‘ combines four STS-48 
into an STS-192, before electrical-to-optical conversion to 
an OC-192 for launching on the agile network 150. Demul 
tiplexer 30“ is connected between a core receiver 22 (of core 
transponder 18) and four metro transmitters 24 (of the 
respective four metro transponders 19). The demultiplexer 
30“ separates a STS-192 into four STS-48, before electrical 
to-optical conversion into four respective OC-48 for launch 
ing on the metro network 100. Terminal 18 is referred to as 
“rate aggregation means” and includes the multiplexer/ 
demultiplexer 30 and the respective core transponder 16, as 
shown in the insert. 

[0042] In the case where the metro network carries 
OC-192 channels, the multiplexer/demultiplexer 30 is not 
necessary, as shown for terminals 20-5 and 20-6, which are 
equipped with LR-SR transponders only. Inter-network con 
nection 45 is an example where aggregation/separation is 
not necessary. For the general case when the metro channels 
have a rate R1 and the core channels have a rate R2, the 
traffic aggregation factor is N+R2/R1. 
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[0043] The terminals of the metro connection, ie the 
equipment provided at the hub node and edge nodes, that is 
relevant to this invention are generically shoWn by reference 
numerals 25, and respectively 35. The arroW on terminal 25 
and the dotted arroW on terminal 35 are intended to shoW 
that one, or both terminals are ?exible, ie can be tuned to 
the Wavelength of the other terminal under control of unit 
200. 

[0044] Terminal 25 comprises the metro transponder 19 
and, in general, an optical mux/demux 26. Device 26 com 
bines/separates the metro channel used by the agile metro 
connection 40 in this example, onto/from a metro WDM 
signal traveling in netWork 100 over line (?ber) 110. 

[0045] Terminal 35 comprises the metro transponder 15 
and, in general, an OADM (optical add/drop multiplexer) 
36. Device 36 has an input port, an output port and one or 
more add/drop ports. This device routes the passthrough 
channels from the input port to the output port in optical 
format, and adds/drops the local traf?c into/from the output/ 
input port to a respective optical terminal. The transponders 
at the edge nodes are shoWn at 15A and 15F; such a 
transponder includes a receiver 23‘ and a transmitter 24‘. 

[0046] FIGS. 2B and 2C illustrate hoW the agile netWork 
150 is aggregated With various types of metro netWorks, 
such as a linear netWork in FIG. 2B and a point-to-point 
netWork in FIG. 2C. It is to be noted that FIGS. 2A-2C do 
not shoW explicitly hoW agility of the inter-netWork con 
nections is obtained, as this can be achieved in a plurality of 
Ways, as described next; the arroWs at the connection 
terminals indicate that the connection is agile and the sWitch 
at the hub node can be eliminated. In other Words, the agility 
may be obtained using various agile con?gurations for 
device 26 at hub A, or/and devices 36 at the edge nodes, 
and/or tunable transmitters 24, 24‘. Also, the connections 
over netWork 150 are not shoWn; of relevance here is that 
any node of netWork 150 may be connected to the hub in a 
?exible, agile manner. Details on the operation of netWork 
150 are provided for example in the US patent application 
referenced above, Docket 1001. 

[0047] A cross-connect STS-XC 2 may also be used for 
managing conventional services, if for example sWitching/ 
grooming at loWer granularity (i.e. at STS-1 granularity) is 
necessary. 

[0048] To summariZe, the ?exible metro connection is 
obtained by 

[0049] FIGS. 3A to 3C illustrate three variants of a 
doWnstream path; the term doWnstream is used for the 
direction of traf?c from the agile netWork 150 to the metro 
netWork 100. In these examples, the ?exibility of Wave 
length assignment is obtained at the edge node in FIG. 3A, 
at the hub node in FIG. 3B and at both hub node and edge 
node in FIG. 3C. 

[0050] In FIG. 3A, the agile metro connection links a 
metro transmitter 24 at the hub node With a receiver 23‘ at 
an edge node, here node D. In this variant, the ?exibility is 
provided at the edge; the head-end has a ?xed Wavelength 
allocation. Thus, the multiplexer 27 at hub A has a ?xed port 
allocation, so that transmitter 24 is connected to a preset port 
Pj of the multiplexer 26; the black circle indicates that port 
Pj is static. The traf?c travels on channel M through inter 
mediate nodes B and C of metro netWork 100, up to node D. 
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The edge nodes comprises a ?exible OADM 34D, Where the 
drop port Pk has the ability to select channel M based on the 
Wavelength, and connect it to receiver 23‘. The black circle 
With an arroW indicates that the respective port can be 
selected to connect any channel to the terminal (a receiver 
here) physically connected to it. In this Way, the inter 
netWork route shoWn in FIG. 3A connects a certain trans 
mitter 24 With the edge receiver 23‘ on a metro channel of 
Wavelength M. The control unit 200 determines the Wave 
length of port Pj (i.e. M), allocates Wavelength M to the 
metro channel, determines Which drop port is physically 
connected to receiver 23‘ (i.e. Pk) and con?gures OADM 
34D to route the metro channel on a port Pk. 

[0051] FIG. 3B shoWs the same connection betWeen 
transmitter 24 and receiver 23‘, Where the ?exibility is 
provided at the head-end. In this example, transmitter 24 is 
tunable, and also the port allocation on multiplexer 28 is 
?exible, as shoWn by the arroWs on transmitter 24 and port 
Pj. The OADM 33 has a ?xed port allocation of the drop 
ports (Pk is static). Speci?cally, each port of the OADMs 33 
in the metro netWork 100 is pre-Wired to a speci?c, different 
Wavelength. Thus, controller 200 determines the Wavelength 
of drop port Pk (i.e. M) allocates to the metro channel the 
Wavelength M, and tunes the hub node to this Wavelength M. 

[0052] FIG. 3C shoWs a metro connection Where both the 
head-end and the tail-end are ?exible. More precisely, 
transmitter 24 is tunable, and both input port Pj and drop port 
Pk can be selected by con?guring the respective device 28, 
34. Connection can be made at any Wavelength, selected and 
tuned at both ends. 

[0053] FIGS. 4A to 4C illustrate three variants of an 
upstream path; the term upstream is used for the direction of 
traffic from the metro netWork 100 to the agile netWork 150. 
In these examples, the ?exibility of the connection is 
obtained at the hub node in FIG. 4A, at the edge node in 
FIG. 4B and at both the hub node and edge node in FIG. 4C. 

[0054] In FIG. 4A, the source node, Which is in this case 
the edge node D, has an OADM 37D With a ?xed add port 
allocation. In other Words, connection betWeen the trans 
mitter 24‘ and add port Pq is ?xed on Wavelength M. At the 
hub, Which is in this case the tail-end of the connection, the 
demultiplexer 32 has a ?exible port allocation. In this 
example, controller 200 determines the Wavelength of the 
add port Pq (i.e. M), allocates to the metro channel this 
Wavelength M, determines Which output port connects to the 
receiver 23 (i.e. Pr), and con?gures demultiplexer 32 so as 
to route the metro channel on port Pr. 

[0055] Flexibility is obtained in the example of FIG. 4B 
using a tunable transmitter 24‘ at the edge node D and a ?xed 
demultiplexer 31 at the hub node. Thus, the Wavelength of 
output port Pr is selected as the Wavelength of the metro 
channel and the head-end transmitter 24‘ is tuned accord 
ingly. 

[0056] FIG. 4C provides an example of an upstream 
metro connection Where both the head-end and the tail-end 
are ?exible. The Wavelength M selected for the metro 
connection can be tuned at the tunable transmitter 24‘. In 
addition, both the OADM 38D and the demultiplexer 32 are 
?exible. In this case, any Wavelength may be used for the 
metro connection. (The term “any Wavelength” refers to the 
Wavelengths available in metro netWork 100). 
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[0057] FIGS. 5A and 5B show tunability of Wavelength 
allocation at the hub node, When the hub node is the 
head-end for the connection, as shoWn in FIGS. 3B and 3C. 
For example, the con?guration of FIG. 5A is suitable for a 
smaller network, accommodating up to 50 metro channels. 
In this embodiment, the ?exibility is obtained by using 
broadly tunable optical sources (lasers) at transmitters 24 
and colorless multiplexers 27. The multiplexer 27 is a 
M-Way coupler, that combines the output of the metro 
transmitters 24 into ?ber 150. Wavelength allocation to the 
metro channel betWeen the hub node and the edge node is 
selected by tuning the transmitter 24. A postampli?er 14 is 
also provided before the WDM signal is launched over the 
?ber toWards the destination edge node. 

[0058] FIG. 5B shoWs another con?guration of a ?xed 
multiplexer 27 With an add tree structure, Where selection of 
the metro Wavelengths is obtained by tuning transmitter 24. 
In this example, the metro channels generated by Q trans 
mitters 24 are combined using a P11 combiner 45-1. The 
grouped channels are further combined using an Q11 com 
biner 45-2. An optical ampli?er 50 and a blocker (Which is 
a Wavelength selective element) 55 are provided on the tree 
branches as shoWn. The optical ampli?ers 55 are used for 
compensating for the losses in the ?ber and in combiners 
45-1, 45-2. Introduction of blockers 50 after ampli?cation 
55 also cuts off out-of-channel ASE (ampli?ed spontaneous 
emission) from propagating over netWork 100. ASE is 
introduced by all optical ampli?ers 55 in the signal path and 
is a broadband noise; the blockers attenuate this noise and 
also ?lter out the laser noise. 

[0059] An optical postampli?er 14 is also used, as Well 
knoWn. In this example, since the cascaded combiners 45-1 
and 45-2 alloW combining 32><4=128 signals, the metro 
netWork 100 may route ?exibly 128 Wavelengths (in practice 
about 100). 
[0060] This con?guration is described in detail in the 
above identi?ed co-pending US patent application Docket 
1005US. Multiplexer 27 may also be con?gured With Wave 
length selective sWitches. Some embodiments are also 
shoWn in FIGS. 4A and 4B and described in the accompa 
nying text of Docket 1005. 

[0061] FIG. 5C shoWs a ?exible demultiplexer 32, Where 
the hub node is the tail-end for the connection, as shoWn in 
FIGS. 4A and 4C. In this example, the metro WDM signal 
is ?rst ampli?ed by preampli?er 13, and divided into P 
poWer components by a 1:P splitter 45-1 (e.g. P=4). Each 
arm of this splitter is provided With a Wavelength selective 
element, such as a blocker 55 Which blocks the Wavelengths 
that are not destined to any receiver at the end of the routes 
branching from that arm. Blockers 55 are preferably fol 
loWed by an optical ampli?er 55 is connected doWnstream 
from a blocker, for compensating for the losses in the 
blocker 55 and splitter 45-1. The output of the Wavelength 
selective element is connected to a 1:Q splitter 45-2 (e.g. 
Q=8), the channels are then ampli?ed by a second optical 
ampli?er 50-2 and further broadcast along R routes by a 1:R 
splitter 45-3 (e.g. R=4), toWard a broadband receiver 23 at 
terminal 15. A tunable Wavelength ?lter 60 is provided on 
each arm of splitter 45-3, so that only the channel destined 
to a respective receiver 23 passes at the output port of 
demultiplexer 32. 
[0062] Filter 40 is tuned so that it passes one channel only, 
Which is the channel assigned to that output port, While 
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blocking all other channels. In this Way, a speci?c channel 
is selected and cleaned-up before it arrives at the receiver for 
decoding. In an alternate implementation, a tunable receiver 
may be used instead of tunable ?lter 40. This con?guration 
alloWs ?exible routing of 4><8><4=128 Wavelengths (100 in 
practice), as described in the above identi?ed co-pending 
patent application docket 1005. Other embodiments using 
Wavelength selective sWitches are also shoWn in FIGS. 3A 
and 3B of this co-pending application. 

[0063] FIGS. 6A to 6D shoW various examples of port 
Wavelength tunability at the edge node, i.e. ?exible OADMs. 
In FIG. 6A the edge node is the head-end for the connection, 
as illustrated in FIGS. 4B and 4C. The metro channel, 
provided on a colorless port Pq of OADM 38, is combined 
With other channels by a Q11 combiner 45 (eg M=4). The 
?exibility is obtained in this example by using tunable 
transmitters 24‘. The passthrough channels are routed from 
the input port of the OADM to combiner 46, Where they are 
combined With the add channels at the output of combiner 
45. The drop channels are routed to a respective receiver 
using for example a drop tree as shoWn in the above 
referenced co-pending patent application Docket 1006. A 
blocker 55 may be inserted in line 110 to prevent propaga 
tion of the dropped Wavelength(s) along the line, so that 
these Wavelengths may be reused. HoWever, for a typical 
metro netWork, it is better (less expensive) to Waste a 
Wavelength than to make use of a blocker to enable reuse of 
that Wavelength. 

[0064] Other ?exible con?gurations of the add side of the 
OADM are also possible. Thus, the blocker 55 can be 
replaced With a con?gurable OADM (COADM), as in patent 
application Docket 1006. As Well, the add structure can be 
more complex for alloWing larger number of add channels, 
as shoWn in above referenced Docket 1005, to further 
enhance the edge node ?exibility by combining the tunabil 
ity of the transmitter With provision of Wavelength selective 
elements (blockers, sWitches) in the add tree. 
[0065] FIGS. 6B to 6D shoWs OADMs that provide 
?exibility on the drop side. In these cases, the edge node is 
the tail-end for the ?exible metro connection, as illustrated 
in FIGS. 3A and 3C. The OADM of FIG. 6B separates the 
metro channel from the metro WDM signal on line 110 into 
tWo poWer components after ampli?cation by preampli?er 
13. A ?rst component is directed to the drop structure, and 
the second one continues along line 110. As discussed in 
connection With FIG. 6A, a Wavelength selective element, 
such as blocker 55 may be inserted in the line if there is an 
interest in reusing the drop Wavelength(s). The drop com 
ponent is split along M branches by a Q11 splitter 45 (i.e. 
Q=4) and the metro channel of Wavelength M is selected 
along the branch leading to receiver 23‘ of choice, using a 
tunable ?lter 60 in front of the receiver. Other structures of 
the drop tree are also possible, as discussed above. 

[0066] FIG. 6C shoWs a variant using a Wavelength 
selective element 70 connected in the Way of the input 
WDM signal. Device 70 could be for example a Wavelength 
selective sWitch that separates the drop channels from the 
passthrough channels. The metro channel of Wavelength k1 
is routed to the receiver of interest 23‘ by a splitter 45, and 
a tunable ?lter selects the channel before it arrives to the 
receiver. 

[0067] FIG. 6D shoWs a con?guration that uses Wave 
length selective element WSE 75. This WSE could, for 
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example, be a switch, or a selective elernent made up of 

3-port (in, out, drop) tunable ?lters as shown at and Again, variant is preferred over variant (k) for a metro 

network (is less expensive). 

We claim: 
1. In a metro network subtended off an agile core network, 

a ?exible rnetro connection for extending a ?exible core 
connection over said rnetro network, comprising: 

an optical source terminal operating at a source wave 

length for transmitting a user signal over a metro 

channel; 
a plurality of wavelength-dependent routes operating at a 

path wavelength, a route for directing said rnetro chan 
nel between an input port connected to said optical 
source and an output port connected to an associated 
optical destination terminal; and 

means for assigning a metro wavelength to said rnetro 
channel and routing said rnetro channel to a speci?ed 
destination terminal based on said rnetro wavelength. 

2. A ?exible rnetro connection as claimed in claim 1, 
wherein said optical source terminal is a tunable optical 
source, and wherein said means for assigning selects a path 
wavelength of a route to said speci?ed destination terminal 
as said rnetro wavelength, and tunes said tunable optical 
source on said path wavelength. 

3. A ?exible rnetro connection as claimed in claim 1, 
wherein said wavelength-dependent routes are tunable, and 
wherein said means for assigning selects a source wave 
length as said rnetro wavelength and tunes said route to said 
source wavelength. 

4. A ?exible rnetro connection as claimed in claim 1, 
wherein any of said input port and output port is tunable to 
said source wavelength. 

5. A ?exible rnetro connection as claimed in claim 3, 
wherein said route comprises a wavelength selective ele 
rnent for allowing said rnetro wavelength to pass from said 
optical source terminal to said speci?ed destination terminal 
and to block all other wavelengths. 

6. A ?exible rnetro connection as claimed in claim 4, 
wherein said wavelength selective element is a wavelength 
selective switch. 

7. In a metro network subtended of an agile core network, 
a method for extending an agile connection into said rnetro 
network, comprising: 

generating, at a head-end transrnitter, a metro channel 
carrying a user signal; 

connecting said head-end transmitter with a plurality of 
tail-end receivers along a respective plurality of wave 
length-dependent routes provided over said rnetro net 
work; and 

selecting a route between said head-end transmitter and a 
speci?ed tail-end receiver and tuning said head-end 
transmitter to a metro wavelength corresponding to the 
wavelength of said route. 

8. In a metro network subtended off an agile core network, 
a method for extending an agile connection into a metro 
network, comprising: 

generating, at a head-end transrnitter operating at a source 
wavelength, a metro channel for carrying a user signal; 
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providing a plurality of wavelength dependent routes over 
said rnetro network, a route for directing said rnetro 
channel between an input port connected to said head 
end transmitter and an output port connected to an 
associated tail-end receiver over a path wavelength; 
and 

assigning a metro wavelength to said rnetro channel and 
routing said rnetro channel to a speci?ed tail-end 
receiver based on said wavelength. 

9. A method as claimed in claim 8, wherein said step of 
assigning cornprises selecting a path wavelength of a route 
to said speci?ed destination terminal as said rnetro wave 
length, and tuning said tunable head-end transrnitter on said 
path. 

10. A method as claimed in claim 8, wherein said step of 
assigning cornprises selecting a source wavelength as said 
rnetro wavelength and tuning said route to said source 
wavelength. 

11. Arnethod as claimed in claim 10, wherein said step of 
tuning cornprises tuning any of said input port and output 
port to said source wavelength. 

12. A method as claimed in claim 8, wherein said step 
tuning comprises providing said route with a wavelength 
selective element for allowing said rnetro wavelength to pass 
from said head-end transmitter to said speci?ed tail-end 
receiver and to block all other wavelengths. 

13. A ?exible rnetro connection for routing a user signal 
on a metro network between a hub node connecting said 
rnetro network to an agile core network and an edge node, 
comprising: 

a hub node for transferring said user signal between a 
metro channel of a ?rst wavelength and a core channel 
of a second wavelength; 

an edge node for inserting/extracting said user signal 
into/from said rnetro channel; and 

a controller for tuning one of said hub node, edge node, 
and both said hub node and edge node to operate at said 
?rst wavelength. 

14. A ?exible rnetro connection as claimed in claim 13, 
wherein said edge node comprises: 

an edge optical receiver for receiving said rnetro channel 
and detecting said user signal; and 

a ?exible rnetro optical add/drop rnultiplexer OADM for 
routing said rnetro channel from a metro WDM signal 
to a drop port connected to said edge optical receiver, 

wherein said controller con?gures said ?exible OADM to 
route said rnetro channel on said drop port. 

15. A ?exible rnetro connection as claimed in claim 14, 
wherein said OADM comprises: 

means for directing a passthrough channel in said rnetro 
WDM signal from an line input port to an line output 
port; and 

a drop and select tree for routing said rnetro channel from 
said line input port to said drop port along a drop path 
tuned to said ?rst wavelength. 

16. A ?exible rnetro connection as claimed in claim 15, 
wherein said drop and select tree comprises a plurality of 
branches, each branch including a wavelength selective 
elernent. 
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17. A ?exible metro connection as claimed in claim 14, 
Wherein said OADM comprises a Wavelength selective 
sWitch for routing said metro channel to said drop port based 
on said ?rst Wavelength. 

18. A ?exible metro connection as claimed in claim 13, 
Wherein said edge node comprises: 

an OADM for routing said metro channel from an add 
port into a metro WDM signal; and 

a tunable edge optical transmitter for modulating said user 
signal over said ?rst Wavelength and providing said 
metro channel on said add port, 

Wherein said controller selects said ?rst Wavelength for 
connecting said edge optical transmitter to a speci?ed 
hub optical receiver over said metro channel. 

19. A ?exible metro connection as claimed in claim 18, 
Wherein said add port is colorless. 

20. A ?exible metro connection as claimed in claim 18, 
Wherein said OADM is a Wavelength selective sWitch. 

21. A ?exible metro connection as claimed in claim 13, 
Wherein said hub node comprises: 

an optical multiplexer for receiving said metro channel on 
an input port and routing said metro channel into a 
metro WDM signal; and 

a tunable hub optical transmitter for modulating said user 
signal over said ?rst Wavelength to provide said metro 
channel on said input port, 

Wherein said controller selects said ?rst Wavelength for 
connecting said hub optical transmitter to a speci?ed 
edge optical receiver over said metro channel. 

22. A ?exible metro connection as claimed in claim 21, 
Wherein said input port is colorless. 

23. A ?exible metro connection as claimed in claim 21, 
Wherein said optical multiplexer comprises a Wavelength 
selective element. 

24. A ?exible metro connection as claimed in claim 21, 
Wherein said optical multiplexer is a Wavelength selective 
sWitch. 
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25. A ?exible metro connection as claimed in claim 13, 
Wherein said hub node comprises: 

a ?exible optical demultiplexer for routing said metro 
channel from an line input port to a drop port; and 

a hub optical receiver connected to said drop port for 
detecting said user signal from said metro channel, 

Wherein said controller con?gures said ?exible demulti 
plexer to route said metro channel on said drop port 
based on said ?rst Wavelength. 

26. A ?exible metro connection as claimed in claim 25, 
Wherein said ?exible optical demultiplexer comprises a drop 
and select tree for routing said metro channel from said line 
input port to said drop port along a drop path tuned to said 
?rst Wavelength. 

27. A ?exible metro connection as claimed in claim 25, 
Wherein said drop path comprises one of a Wavelength 
selective element, a tunable ?lter and both. 

28. A ?exible metro connection as claimed in claim 25, 
Wherein said ?exible demultiplexer comprises a Wavelength 
selective sWitch connected betWeen said line input port and 
said drop port. 

29. A ?exible metro connection as claimed in claim 21, 
Wherein said hub node further comprises rate adaptation 
means, Whenever said metro netWork operates at an R1 rate 
and said core netWork operates at an R2. 

30. A ?exible metro connection as claimed in claim 29, 
Wherein said rate adaptation means comprises a R1><R2 
mux/demux for demultiplexing said user signal from said 
core channel, and for multiplexing said user signal into said 
core channel. 

31. A ?exible metro connection as claimed in claim 30, 
Wherein said rate adaptation means further comprises an 
OEO interface for connecting said rate adaptation means to 
said core netWork. 


